start of the acquisition to the transfer tests, and there were no significant between-group differences in RMSE or cocontraction on the transfer tests. Therefore, all three groups learned the task equally well, and improved balance was achieved with practice via a more efficient control strategy. The two feedback groups reduced electrodermal level with practice, but the no-feedback group did not, suggesting that feedback may help to reduce anxiety.
Introduction
Augmented feedback is additional information about motor skill performance that supplements a participant's own sensory feedback (Schmidt and Lee 2011) . Provision of concurrent augmented feedback during practice of a new motor skill can improve learning of that skill (Sigrist et al. 2013) . Concurrent augmented visual feedback has also been applied to re-learning balancing tasks among individuals with impaired balance due to neurologic injury (ShumwayCook et al. 1988; Winstein et al. 1989; Sackley and Lincoln 1997; Walker et al. 2000; Ioffe et al. 2010; Sayenko et al. 2010; Tsaklis et al. 2012) or aging (Wolf et al. 1997; Rose and Clark 2000; Lajoie 2004; Sihvonen et al. 2004b; Hatzitaki et al. 2009 ). Typically, this is done by asking the participant to stand on one or two force platforms and providing visual feedback regarding weight distribution between the two limbs (Winstein et al. 1989; Sackley and Lincoln 1997; Hatzitaki et al. 2009 ), or the location of the center of gravity (COG; Rose and Clark 2000; Walker et al. 2000) or center of pressure (COP; Shumway-Cook et al. 1988; Lajoie 2004; Sihvonen et al. 2004b; Ioffe et al. 2010;  Abstract While concurrent augmented visual feedback of the center of pressure (COP) or center of gravity (COG) can improve quiet standing balance control, it is not known whether such feedback improves reactive balance control. Additionally, it is not known whether feedback of the COP or COG is superior. This study aimed to determine whether (1) concurrent augmented feedback can improve reactive balance control, and (2) feedback of the COP or COG is more effective. Forty-eight healthy older adults (60-75 years old) were randomly allocated to one of three groups: feedback of the COP, feedback of the COG, or no feedback. The task was to maintain standing while experiencing 30 s of continuous pseudo-random perturbations delivered by a moving platform. Participants completed 25 trials with or without feedback (acquisition), immediately followed by 5 trials without feedback (immediate transfer); 5 trials without feedback were completed after a 24-h delay (delayed transfer). The root mean square error (RMSE) of COP-COG, electrodermal level, and co-contraction index were compared between the groups and over time. All three groups reduced RMSE and co-contraction index from the 1 3 Sayenko et al. 2010; Tsaklis et al. 2012) . With the goal of improving quiet standing balance control when provided with feedback of the COG or COP, participants are asked to minimize movement of the COG or COP (Shumway-Cook et al. 1988; Lajoie 2004; Sayenko et al. 2010; Tsaklis et al. 2012) . This type of concurrent feedback allows the participant to identify that a balance control error has occurred (i.e., that the COG or COP has travelled too far from the ideal location) and to correct this error in real time. Presumably, through repeated practice with augmented feedback, participants eventually learn to identify and correct these errors and retain this skill even after feedback is removed. Indeed, studies suggest that repeated practice with this type of feedback can improve some features of quiet standing balance control, such as stance symmetry (Shumway-Cook et al. 1988) or postural sway (Sayenko et al. 2010; Tsaklis et al. 2012) , and can improve functional balance control (Lajoie 2004) .
Balance control involves both anticipatory and reactive components (Huxham et al. 2001) . Because balance reactions are initiated very quickly (e.g., 100 ms faster than volitionally executed movements; McIlroy and Maki 1996) , it is possible that augmented feedback is only effective for improving anticipatory components of balance, and cannot be used in real time to improve reactive components. To our knowledge, only one group has studied concurrent visual feedback during practice of a reactive balance task (Wolf et al. 1997 ). This study found that older adults who practiced the reactive balance task (responding to external postural perturbations from a moving platform) with concurrent visual feedback of the COP position had greater improvements in some measures of reactive balance control than individuals who practiced an anticipatory balance task without visual feedback (Tai Chi) and a control group who did not do any balance exercise (Wolf et al. 1997) . It is not clear whether this improved reactive balance control can be attributed to the feedback or to the reactive balance aspect of the practice. Therefore, the first objective of the current study was to determine whether concurrent augmented feedback can improve reactive balance control in response to external postural perturbations among older adults.
The type of feedback provided is another fundamental question to be addressed. The objective of balance control is to maintain or regain control of the COG relative to the base of support. In quiet standing, this is achieved by activating ankle musculature to change the location of the COP and create moments that cause the body to rotate about the ankle joint (Winter 1995) . This so-called ankle strategy can also be used to regain stability following a small-magnitude postural perturbation (Shumway-Cook and Woollacott 2007) . Thus, the COP is the 'controlling' variable and the COG is the 'controlled' variable. We propose that feedback that is more closely related to the goal of balance control (i.e., the COG) is more effective than feedback that relates to how balance is controlled (i.e., the COP). Therefore, the second objective of this study was to determine whether augmented feedback of the COG or COP is better for improving reactive balance control.
We used the difference between COP and COG, which represents 'error' in balance control (Winter et al. 1998) , as our primary outcome to describe how postural stability improved with practice and learning of the task. We also measured electrodermal skin conductance activity and electromyography (EMG) throughout the sessions. The former was used as a marker of physiologic arousal, with increased arousal potentially suggesting increased physical effort (Mochizuki et al. 2009 ) and/or increased attention dedicated to performing the balance task. Improved performance of the task with increased effort and/or attention would suggest that the task was actually not well learned. EMG was used to study changes in muscle activation with practice of the task and to ensure that improved stability was not achieved via maladaptive neuromuscular strategies (i.e., co-contraction).
Methods

Participants
Forty-eight healthy community-dwelling older adults (60-75 years old) were recruited. Participants were excluded if they had any diagnosed neurologic condition (e.g., stroke or Parkinson's disease), had any other condition that limited mobility, were unable to understand and follow instructions in English, and/or had corrected or uncorrected Snellen visual acuity worse than 20/40. Participants were allocated in a blocked randomized manner to one of three groups: (1) feedback of the COG (COG f ); (2) feedback of the COP (COP f ); or (3) no feedback (NoFB). Three additional NoFB participants were recruited to account for missing data for the primary outcome for three participants in the NoFB group (see "Results" section); therefore, there were 15 participants assigned to each of the COG f and COP f groups, and 18 participants assigned to the NoFB group. Participant characteristics are presented in Table 1 .
Procedures
Testing occurred within two sessions. The protocol involved: an initial acquisition period; a transfer test immediately after the end of the acquisition period; and a delayed transfer/retention test after a period of approximately 24 h ( Table 2 ). The transfer tests allow us to determine whether any improved performance with practice applies to situations where feedback is not present (Schmidt and Bjork 1992 ; such as in real-life instances of loss of balance). The delayed transfer test evaluates the potential permanence of improved performance.
Participants stood barefoot in a standardized position (feet oriented at 14° from the sagittal plane with 17 cm of separation between the heels; McIlroy and Maki 1997) on a force plate (model BP11971197-2000, Advanced Medical Technology, Inc., Watertown, MA, USA) mounted on moving platform (Fig. 1 ). Participants wore a safety harness attached to an overhead support to prevent a fall to the floor in the event of a failure to recover balance. The harness was worn loosely such that no support was provided unless participants started to fall to the floor (note that no participant actually required support from the safety harness). Participants viewed a computer screen at eye level at a distance of ~75 cm (Fig. 1) . Each session began with one 30-s quiet standing trial; the platform did not move for this trial, and participants were instructed to stand as still as possible. For the remainder of each session (25 Acquisition Block trials, and 5 Immediate Transfer trials in Session 1 and 5 Delayed Transfer trials in Session 2; see Table 2 ), each trial involved 30 s of platform oscillation in a pseudo-random manner in order to evoke balance reactions. The waveforms that described platform movement in each direction were the sum of two sine waves with frequencies ranging from 0.086 to 0.398 Hz and amplitudes ranging from 1.3 to 8 cm. There were 10 such waveforms created with root mean square of position ranging from 1.3 to 5.2 cm and root mean square of acceleration ranging from 4.7 to 9.2 cm/s 2 (see Table 3 ). Each trial involved platform motion in the antero-posterior and medio-lateral directions, with a different waveform describing platform motion in each direction. Therefore, there were 90 possible waveform combinations. This study was concerned with antero-posterior, rather than medio-lateral, balance control as the equation for estimating COG in real time (Eq. 4; see below) is only valid in the antero-posterior direction. The amplitudes of the medio-lateral waveforms were half that of the antero-posterior waveforms as these waveforms were not intended to be as destabilizing as the antero-posterior waveforms. The medio-lateral waveforms were used to ensure that trials with the same antero-posterior waveform would feel different to the participant, and ensure that any improved performance observed would be due to improved reactive balance control rather than consciously learning the characteristics of a specific waveform. The magnitude of the platform movement was small enough that participants were able to maintain stability without moving their feet.
During platform motion trials, COG f and COP f participants received concurrent visual feedback of the COG or COP on 50 % of practice trials; this practice schedule has been shown to improve learning of novel motor tasks compared to a 100 % feedback practice schedule (Winstein and Schmidt 1990) . A yellow line showing the antero-posterior location of either the COG (COG f group) or the COP (COP f group) was displayed on the monitor during every oddnumbered trial (Fig. 2a) ; a stationary 'X' was displayed during every even-numbered trial (Fig. 2b ). This type of feedback was chosen based on pilot testing and our earlier study (Lakhani and Mansfield 2015) , suggesting that participants can interpret and attend to a two-dimensional (time and amplitude) signal. The display shows the COG or COP location for 1-2 s prior to the current time (Fig. 2a) . This historical information on the COG or COP location may be used by participants to modify performance in the current trial. However, because of delays in using visual information to correct balance in real time, it is possible that the feedback could be used to correct performance in future trials. When viewing the COG or COP location, participants in the feedback groups were instructed to minimize movement of the line representing the COG or COP as much as possible and to try to keep the COG or COP between two red target lines (Fig. 2a) . The target lines were ±5 cm from the mean antero-posterior COG or COP prior to the start of the trial; we determined from pilot testing that these targets seemed to provide optimal challenge to participants (i.e., not too difficult or too easy to keep COG/COP within the target lines). Participants in the NoFB group viewed the 'X' on the monitor for all trials. Participants in the COG f and COP f groups, when viewing the 'X,' and participants in the NoFB group were instructed to focus on the 'X' and try to stand as still as possible without moving their feet. The force plate measured ground reaction forces and moments during standing, which were used to calculate the location of the COP in real time. The antero-posterior location of the COG in real time was estimated using a biomechanical model that assumes that the body acts as an inverted pendulum rotating around the ankles (Winter 1995; Masani et al. 2007): where M is the participant mass (in kg), where H is the participant height (in m), where COG y is the antero-posterior location of the COG, COP y is the antero-posterior location of the COP, g is acceleration due to gravity, F y1 is the antero-posterior shear force recorded from the force plate upon which the participant stood, and F y2 is the antero-posterior shear force recorded by an empty force plate on the motion platform. The shear forces recorded by the force plate that participants stood on are influenced by acceleration of the participants' COG as well as acceleration of the moving platform; thus, this latter term in Eq. 4 corrected for the component of shear force caused by platform acceleration. Fig. 1 Participant viewing the feedback screen. The participant is standing on a force platform which is used to calculate location of the COP or COG. The empty force plate to the right of the participant was used to correct shear forces due to platform movement in order to estimate COG (see Eq. 4). The location of the COP or COG is represented as a moving line on the screen. The participant is instructed to minimize movement of the COP or COG. He is also wearing a harness attached to an overhead support to prevent a fall to the floor in the event of a failure to recover balance 
Data collection and processing
Force plate data were sampled at 250 Hz and stored for offline processing. EMG (Telemyo Direct Transmission System, Noraxon Inc., Scottsdale, Arizona, USA) from the left medial gastrocnemius and tibialis anterior and electrodermal level (EDL; SCA1 Skin Conductance Adaptor, Grass Technologies, West Warwick, Rhode Island, USA) were recorded during all trials. For EMG, patches of skin over the muscle bellies were cleaned using mildly abrasive exfoliating cream and alcohol wipes. Disposable silver/silver chloride electrodes were placed over the belly of each muscle and connected to sensors, which transmitted wirelessly to the data collection computer via a receiver. EMG data were sampled at 1000 Hz. For EDL, the palmar surfaces of the index and middle fingers were cleaned with alcohol wipes. Reusable silver/silver chloride finger electrodes filled with conductive pasted were placed on the fingers. EDL was sampled at 250 Hz. For force plate, EMG, and EDL data, an extra 1 s of data was recorded before the start of each motion trial, and 7 s of data was recorded at the end of each trial; therefore, 38 s of data was collected for each trial. Data were processed using custom routines implemented in MATLAB (R2014a, The MathWorks, Natick, MA, USA). Force plate data were low-pass filtered at 10 Hz using a fourth-order zero-phase-lag Butterworth filter. The COG was estimated from force plate data using the zeroto-zero point double integration method (King and Zatsiorsky 1997; Zatsiorsky and King 1998) . As this method relies on integration of the force plate signal, it cannot be used to calculate COG in real time; thus, Eq. 4 was used to provide a reasonable estimate of COG location for the purpose of providing real-time visual feedback. The accuracy of the zero-to-zero point double integration method relative to the gold standard (three-dimensional kinematics) has been established (Lafond et al. 2004 ); therefore, this method (rather than Eq. 4) was used to estimate COG for the purpose of data analysis. There is a relatively large error in estimation of the COG at the start and end of the trial as the COG and COP are assumed to be coincident at these points in time, but are likely not; therefore, the first 1 s and last 7 s of data were discarded from each trial. The root mean square (RMS) of COG and COP displacement was calculated as a measure of amplitude of COG and COP motion, respectively, over the trial. The root mean square error (RMSE) of the difference between the COP and COG was calculated using the following equation:
where n is the total number of data points. RMSE is considered an index of effectiveness of overall balance control; since COP-COG represents 'error' in balance control (Winter et al. 1998 ), large RMSE suggests poor balance control. EDL data were low-pass filtered at 3 Hz using a fourth-order zero-phase-lag Butterworth filter. The mean EDL signal over the 1 s at the start of the trial (prior to the platform movement) was calculated as the baseline EDL. The baseline value was then subtracted from the mean EDL over the 30-s duration of each trial. The DC offset was removed from EMG signals, and signals were full-wave rectified, and low-pass filtered at 10 Hz using a fourthorder zero-phase-lag Butterworth filter. EMG signals during the motion trials were normalized to mean EMG during the quiet standing trial. The co-contraction index was then calculated using the method described by Lewek et al. (2004) ; that is: that is, for each sample, EMG for the muscle with the lower amplitude is divided by EMG for the muscle with the higher amplitude, and multiplied by the sum of EMG for both muscles combined.
Statistical analysis
Statistical analyses were conducted using SAS (Version 9.2, SAS Institute, Inc., Cary, NC, USA). To better understand the effect of concurrent feedback on the outcome variables, we analyzed differences in RMSE, RMS of COP, RMS of COG, EDL, and co-contraction index between trials with and without feedback during the Acquisition Blocks for COG f and COP f participants with a one-way repeated measures ANOVA (two levels: feedback vs. no feedback). For the main hypothesis, we assumed improved learning would be demonstrated by reduced RMSE (primary outcome), EDL and/or co-contraction index in the Immediate and Delayed Transfer compared to the initial practice trials.
Co-contraction index
Data were analyzed using a two-way repeated measures analysis of variance (ANOVA). The factors in the ANOVA were group (three levels: COG f , COP f , and NoFB) and trial block (seven levels: Acquisition Blocks 1-5, Immediate Transfer, and Delayed Transfer; five trials per block). Dependent variables were RMSE, RMS of COG, RMS of COP, EDL, and co-contraction index. For each ANOVA, group-by-trial block interaction effects were analyzed to determine whether one group changed more than the others between trial blocks for each variable. If significant interaction effects were found, post hoc Tukey-Kramer tests were conducted to determine where the significant pairwise differences lay. In the absence of significant interaction effects, main effects were examined. When there were significant main effects for trial block, we primarily focused on reporting differences between consecutive trial blocks (e.g., differences between Acquisition Block 1 and Acquisition Block 2 or between Acquisition Block 5 and Immediate Transfer), as differences between consecutive trial blocks indicate change over time. Alpha (level of significance) was 0.05 for all analyses.
Results
Missing data
Some data were missing due to equipment failure. Force plate data were missing for three participants (all NoFB group); therefore, analysis of RMSE and RMS of COG and COP is based on 15 participants per group. EDL data were missing for 15 participants (4 COG f , 4 COP f , and 7 NoFB); therefore, analysis of EDL is based on 11 participants per group. EMG data were missing for 12 participants (3 COG f , 3 COP f , and 6 NoFB); therefore, analysis of co-contraction index is based on 12 participants per group.
Differences between feedback and no-feedback trials
During acquisition, individuals who received feedback (either COP or COG) exhibited significantly higher RMSE (feedback trials: 6.3 mm, no-feedback trials: 5.7 mm; F 1,29 = 12.56; p = 0.0014), higher RMS of COP (feedback trials: 16.7 mm, no-feedback trials: 15.9 mm; p < 0.0001), and co-contraction index (feedback trials: 2.1, no-feedback trials: 1.9; F 1,29 = 11.06; p = 0.0029) during feedback trials than no-feedback trials. EDL was also slightly higher for feedback trials (−0.02 μS) compared to no-feedback trials (−0.06 μS); however, this difference was not statistically significant (F 1,29 = 3.80, p = 0.065). There was no significant difference in RMS of COG between feedback (13.4 mm) and no-feedback trials (13.2 mm; p = 0.14). Figure 3 shows balance reactions, EDL, and EMG activity at the start to the end of the acquisition period for one participant. Figure 4 shows group means for RMSE, RMS of COG and COP, EDL, and co-contraction index across both sessions.
Learning effects between groups
Postural control measures (RMSE and RMS of COG and COP)
There was a significant group-by-trial block interaction effect for RMSE (F 12,252 = 1.85; p = 0.041). Post hoc testing revealed that COG f and COP f had significantly higher RMSE than NoFB during Acquisition Block 1 (COG f = 7.8 mm, COP f = 7.5 mm, NoFB = 6.3 mm; p values <0.0007). COG f also had higher RMSE than NoFB during Acquisition Block 3 (COG f = 6.7 mm, NoFB = 5.7 mm; p = 0.0058). There were no significant differences in RMSE between groups during any other trial block (p values >0.16). COG f and COP f significantly reduced RMSE Acquisition Block 1 to Acquisition Block 2 (Acquisition Block 2 values: COG f = 6.2 mm, COP f = 6.0 mm; p values <0.0001) but NoFB did not (Acquisition Block 2: NoFB = 5.6 mm; p = 0.38). There were no other statistically significant differences in RMSE between neighboring trial blocks for any group (p values >0.061). While there were no statistically significant of COP position, electrodermal activity, and muscle activity. Indeed, reduced co-contraction is evident on the last trial compared to the first trial, with both the tibialis anterior and gastrocnemius being active relatively continuously throughout the first trial, whereas clear 'on' and 'off' periods are observed on the last trial differences in RMSE between neighboring trial blocks for NoFB, from post hoc testing, RMSE was significantly lower for this group during the Acquisition Block 5 (5.2 mm; p = 0.0060) and the Delayed Transfer (5.0 mm; p < 0.0001) compared to Acquisition Block 1. There was no significant group-by-trial block interaction effect for RMS of COG (F 12,252 = 0.45; p = 0.94) or RMS of COP (F 12,252 = 1.46; p = 0.14), and no significant main effect of group for RMS of COG (F 2,42 = 0.07; p = 0.93) or RMS of COP (F 2,42 = 0.02; p = 0.97). There was a significant main effect of trial block for both RMS of COG (F 6,252 = 15.71; p < 0.0001) and RMS of COP (F 6,252 = 34.70; p < 0.0001). Post hoc testing revealed that RMS of COG was significantly lower in Acquisition Block 2 (13.3 mm) compared to Acquisition Block 1 (14.4 mm; p < 0.0001), and significantly lower in the Delayed Transfer (12.5 mm) compared to the Immediate Transfer (13.4 mm; p = 0.0002). RMS of COP was significantly lower in Acquisition Block 2 (16.3 mm) compared to Acquisition Block 1 (18.2 mm; p < 0.0001), lower in Acquisition Block 4 (16.1 mm) compared to Acquisition Block 3 (16.9 mm; p = 0.022), and lower in the Delayed Transfer (14.9 mm) compared to the Immediate Transfer (16.0; p = 0.0001). 
EDL
There was a significant group-by-trial block interaction effect for EDL (F 10,180 = 3.14; p = 0.0004). Post hoc testing revealed that COP f had significantly higher EDL than NoFB during Acquisition Block 1 (COP f = 0.20 μS, NoFB = 0.05 μS; p = 0.034) and that COG f had significantly lower EDL than NoFB during the Immediate Transfer block (COG f = −0.14 μS, NoFB = 0.02 μS; p = 0.020). There were no significant differences between groups during any other trial block (p values >0.052). Both COG f and COP f significantly reduced EDL from Acquisition Block 1 to Acquisition Block 2 (COG f : Acquisition Block 1 = 0.14 μS, Acquisition Block 2 = −0.10 μS; COP f , Acquisition Block 1 = 0.20 μS, Acquisition Block 2 = −0.05 μS; p values <0.0001), NoFB did not (Acquisition Block 1 = 0.05 μS, Acquisition Block 2 = 0.05 μS; p > 0.99). There were no significant differences in EDL between any other neighboring trial blocks for any group (p values >0.93).
Co-contraction index
There was no significant group-by-trial block interaction effect (F 12,198 = 1.68; p = 0.074) or main effect for group for the co-contraction index (F 2,33 = 2.16; p = 0.13); however, there was a significant main effect for trial block (F 6,198 = 10.69; p < 0.0001). Post hoc testing revealed that the co-contraction index was significantly lower for all groups in Acquisition Block 2 compared to Acquisition Block 1 (Acquisition Block 1 = 2.34, Acquisition Block 2 = 1.84; p < 0.0001), although this effect seems to be largely driven by changes in the COGf and COPf groups rather than the NoFB group. There were no other statistically significant differences between neighboring trial blocks (p values >0.92). Of note, from post hoc testing, co-contraction index was significantly lower for all groups during the Immediate Transfer (1.62, p < 0.0001) and Delayed Transfer (1.73, p < 0.0001) compared to Acquisition Block 1.
Discussion
This study aimed to determine whether concurrent augmented feedback can improve learning of a reactive balance task, and whether feedback of the COG or COP position is better for improving reactive balance control. All three groups improved balance control from the start to the end of the acquisition period, and there were no betweengroup differences in balance control during the transfer tests. Therefore, we can conclude that all three groups learned the task equally well; that is, repeated practice alone is sufficient to improve performance on the task, and augmented feedback is not necessary. These findings conflict with previous work reporting improvement in some features of standing balance control following practice with augmented feedback (Shumway-Cook et al. 1988) . Shumway-Cook et al. (1988) reported improved stance symmetry, but not reduced area of COP excursion, following practice of a quiet standing task with concurrent visual feedback of the COP among individuals with stroke compared to a group who practiced balance tasks without feedback. Improved stance symmetry represents a shift in the 'reference point' for balance, whereas the area of COP excursion may indicate the magnitude of corrective reactions to maintain equilibrium about this reference point (Zatsiorsky and Duarte 1999) . It takes at least 135 ms to execute a corrective movement in response to visual information (Carlton 1981) , whereas corrective reactions to low-magnitude postural perturbations (such as those used in the current study) are typically initiated 90-100 ms after the perturbation (Diener et al. 1988) . Thus, it is not clear whether there is sufficient time for balance reactions to be influenced by concurrent visual feedback of the location of the COG or COP. However, it is possible that feedback might influence the slower/low-frequency components of postural control. The finding that practice with feedback of the COG and COP resulted in equivalent learning supports the findings of a previous study that included healthy young adults learning a quiet standing task (Lakhani and Mansfield 2015) .
RMSE was used as our primary measure of how well participants were able to control balance. The platform movement initially causes motion of the COG, which must be corrected by moving the location of the COP (Winter 1995) . High values of RMSE suggest that the COP motion was much greater than that needed to compensate for motion of the COG. In addition to reduced RMSE, RMS of COP and COG also reduced with practice of this balance task. The findings indicate that corrective movements (RMS of COP) reduced with practice, but also that these corrective movements became more effective at maintaining the COG within a stabile region. These combined findings (reduced RMSE and RMS of COP and COG) with practice indicate that participants learned to effectively control balance following instability imposed by the platform motion. In contrast to previous findings (Lakhani and Mansfield 2015) , we did not find that RMS of COP was lower in the COP f group than the other groups, or that RMS of COG was lower in the COG f group than the other groups. All groups reduced RMS of COP and COG from the Immediate Transfer to the Delayed Transfer. Since both test sessions occurred on separate consecutive days, it is possible that this reduction was due to consolidation of learning with sleep (Walker and Stickgold 2006) . However, there was no significant reduction in RMSE from the Immediate Transfer to the Delayed Transfer. It is possible that this was due to a floor effect in RMSE (mean values 5-6 mm on Immediate Transfer), and that participants did not have much more room for improvement.
The greatest improvements in balance control occurred early in the acquisition period. Participants in this study were healthy older adults with no known problems with balance. Other studies among healthy older adults reported improved performance and learning with practice of standing on a moving platform using similar pseudorandom waveforms to those used in the current study (Van Ooteghem et al. 2009 ). However, it is possible that, for participants in the current study, the task was not sufficiently challenging for participants to show improvement throughout the acquisition period. Alternatively, others have reported acquisition and long-term retention of reactive balance tasks among older adults with few practice trials (Bhatt et al. 2012; Pai et al. 2014) . These authors have speculated that the threat to postural stability and risk of fall-related injury imposed by external postural perturbations drives this rapid learning (Bhatt et al. 2012 ); a similar process could underlie the large improvements in postural control early in the acquisition period in the current study.
The two feedback groups were initially less stable than the no-feedback group and, among the two feedback groups, RMSE was significantly higher for trials with feedback than without. Higher RMSE with feedback was due to increased amplitude of COP motion (RMS of COP) without concomitant increase in amplitude of COG motion (RMS of COG) in feedback trials compared to no-feedback trials. Increased RMSE during feedback trials might suggest a strategy to make use of the feedback presented. Alternatively, presentation of feedback creates a 'dual-task' situation (Lakhani and Mansfield 2015) ; that is, a cognitive task (viewing and interpreting the feedback) in addition to the motor task of maintaining stability. Increased RMSE (i.e., less effective balance control) during feedback trials compared to no-feedback trials may be a result of this dual-task situation. EDL was used to measure physiologic arousal during the sessions. High EDL can suggest increased physical or cognitive effort Mochizuki et al. 2009 ), anxiety (Sibley et al. 2010) , or readiness to respond (Maki and Whitelaw 1993) . EDL was higher for the two feedback groups than the no-feedback group during the initial acquisition block, and there was a trend toward higher EDL for trials with feedback than without feedback. Increased EDL during the initial feedback trials is likely due, in large part, to increased cognitive effort in this 'dual-task' situation. It is noteworthy that both feedback groups decreased arousal with practice of the task. Indeed, EDL values were, on average, negative for both feedback groups during the latter acquisition and transfer trials, indicating that arousal was lower during these latter trials than immediately prior to the onset of platform movement (see also Fig. 3b ). EDL was lower for both feedback groups than the no-feedback group during these latter portions of the sessions, with the difference between the no-feedback and COG f groups being statistically significant during the Immediate Transfer. One potential explanation for this finding is that feedback that confirms that participants are improving and mastering the task (i.e., feedback showing that they are better able to keep the COG/COP within the target lines with practice) may serve to promote selfefficacy (Wright et al. 2016) and reduce anxiety associated with the platform movement. Thus, improved self-efficacy and balance confidence might explain some of the non-specific improvements in balance control that have previously been observed following balance training with concurrent visual feedback (Sihvonen et al. 2004a, b; Sayenko et al. 2012) .
Co-contraction was also higher during trials with feedback compared to trials without feedback, although there were no significant between-group differences in co-contraction index. The increased co-contraction may be due to the additional attentional load imposed by the concurrent feedback. As co-contraction requires less attention than reciprocal control, others have suggested that increased co-contraction of postural muscles might be a strategy to maintain stability when standing and concurrently completing an additional cognitive task (Dault et al. 2001 ). There was a significant reduction in co-contraction with practice of the task for all groups, suggesting that participants learned a more efficient neuromuscular strategy for maintaining stability in response to the platform movement. This finding supports previous research reporting reduced co-contraction with practice and learning of an upperextremity task (Osu et al. 2002) .
Conclusions
Previous work has found that concurrent augmented feedback during practice can improve learning of novel motor skills. The current study suggests that such feedback is not beneficial for learning a reactive balance task; the groups who received feedback and the group who did not learned the task equally well with reduced co-contraction, which suggests a more efficient control strategy. It is possible that balance reactions are executed too quickly to allow participants to modify their reactions in real time based on information gained from the feedback. However, feedback may have other benefits; for example, the reduced physiologic arousal we observed when practicing with feedback may suggest improved self-efficacy and balance confidence, and may be particularly useful for rehabilitation of patients with reduced balance confidence.
